Phage group II Staphylococcus aureus has been identified as the etiological agent of the staphylococcal scaleded skin syndrome. The development of an animal model system permitted fulfillment of Koch's postulates and recognition of exfoliative toxin (ET) as being responsible for some of the clinical manifestations of this syndrome. Initial studies directed toward associating a lysogenic phage with the genetic control of ET synthesis failed to support this hypothesis. Growth of two Tox+ strains at 44 C was more effective than growth in ethidium bromide or sodium dodecyl sulfate in eliminating the ability to produce ET. The early and rapid accumulation of ET-negative (Tox-) variants during growth of strain UT 0007 at 44 C, the lack of any selective advantage of the Tox-variants over Tox+ cells during growth at 44 C, and an enhanced elimination frequency at 44 C of 97.9% over the spontaneous frequency of loss strongly suggest that the gene for ET synthesis is extrachromosomal. Additional evidence suggests that this gene is located on a plasmid which is not associated with genes for penicillinase synthesis and cadmium resistance. Two Tox+ strains harbored lysogenic phage capable of transducing cadmium resistance, but not penicillin resistance, to specific Tox-recipients.
Phage group II Staphylococcus aureus has been identified as the etiological agent of the staphylococcal scaleded skin syndrome. The development of an animal model system permitted fulfillment of Koch's postulates and recognition of exfoliative toxin (ET) as being responsible for some of the clinical manifestations of this syndrome. Initial studies directed toward associating a lysogenic phage with the genetic control of ET synthesis failed to support this hypothesis. Growth of two Tox+ strains at 44 C was more effective than growth in ethidium bromide or sodium dodecyl sulfate in eliminating the ability to produce ET. The early and rapid accumulation of ET-negative (Tox-) variants during growth of strain UT 0007 at 44 C, the lack of any selective advantage of the Tox-variants over Tox+ cells during growth at 44 C, and an enhanced elimination frequency at 44 C of 97.9% over the spontaneous frequency of loss strongly suggest that the gene for ET synthesis is extrachromosomal. Additional evidence suggests that this gene is located on a plasmid which is not associated with genes for penicillinase synthesis and cadmium resistance. Two Tox+ strains harbored lysogenic phage capable of transducing cadmium resistance, but not penicillin resistance, to specific Tox-recipients.
Phage group II Staphylococcus aureus has been associated with a spectrum of clinical disease entities termed the staphylococcal scalded skin syndrome (SSS). SSS is characterized by exfoliation of the superficial layer of the epidermis, with the cleavage plane developing within the granular cell layer (10, 11) . The extracellular product responsible for epidermal exfoliation has been purfied and termed exfoliative toxin (ET) (12) . ET activity is stable upon storage at 4 C for 5 months and is heat stable to 56 C for 30 min (12) . The toxin was found to be acid labile and antigenic, and to have a molecular weight of approximately 24,000 (7) . Strains of phage group II staphylococci isolated from patients with SSS produce exfoliation in newborn mice after subcutaneous or intraperitoneal injection of an effective inoculum of staphylococci (10) . The development of this experimental model system for the detection of ET makes it possible to score for the ET (Tox+) marker in genetic studies. As a result, the present investigation was initiated to determine whether the gene for ET is either under the genetic control of a bacteriophage or a gene located on a plasmid.
Melish et al. (12) speculated that ET synthesis might be under the control of a phage. Bacteriophage-induced bacterial toxins have been reported in Corynebacterium diphtheriae and group A streptococci. In both organisms, toxigenicity can be conferred only in the presence of a specific lysogenic phage and is lost in the absence of the phage (21) . Prophage induction leading to autonomous phage replication can increase the phage-controlled streptococcal and diphtherial toxins to levels of 10 to 20 times above the amount made by the noninduced strain (21) . Most staphylococci are lysogenic, but much less is known about the relationship of lysogeny to toxin production in S. aureus than to the production of streptococcal and diphtherial toxins. However, Blair and Carr (2) reported that the ability to produce alpha toxin was conferred upon certain non-toxinogenic staphylococcal cultures (9, 17) .
Ethidium bromide (EB) has proven to be a potent agent for eliminating penicillinase plasmids (3, 14, 17) . Rubin and Rosenblum (17) observed that the curing frequencies for staphylococcal penicillinase plasmids were consistently greater with EB than with other curing agents. The presence of a high rate of spontaneous loss of the ability to make bacteriocin by group II staphylococci was enhanced by growth in EB, suggesting that bacteriocin synthesis in staphylococci was specified by a plasmid (16 Four single-plaque isolations of phage from mitomycin C-induced lysates were propagated in strain UT 0015 to titers of 109 to 1010 plaque-forming units (PFU)/ml. These phage isolates have been designated as PEV-1, PEV-2, PDM-1, and PDM-2.
Media. The medium used for growing cultures, phage propagation, transduction, and curing experiments was P broth described by Friend and Slade (5) . It consisted of brain heart infusion broth (Difco) supplemented with 0.2% yeast extract, 10 mg of DL-tryptophan per ml, and 10-4 M CaCI2. Solid media were prepared by adding 1.5% (P-hard agar) or 0.75% (P-soft agar) Difco agar to P broth. Mueller-Hinton agar (Difco) and P agar were used for disk diffusion tests to determine sensitivities to antibiotics and metal ions. Determination of antibiotic and metal ion resistance. Resistance to penicillin, erythromycin, methicillin, and tetracycline was determined with the standardized single-disk test of Bauer et al. (1) . Staphylococcal lawns for susceptibility tests were made by flooding an agar plate with 104 cells per ml, pouring off the excess broth, and rapidly drying the agar surfaces. Ten-unit penicillin disks (Difco) produced inhibition zones of 40 to 44 mm with sensitive strains and zones of 11 to 18 mm with resistant strains. Mercury sensitivity was determined by using the technique devised by Green (6) . Screening tests for resistance to cadmium, arsenite, arsenate, and bismuth were carried out by the procedure of Novick and Roth (15) elimination at high temperatures, 10-7 colony-forming units per ml were inoculated into P broth and incubated for 24 h in a water-bath-shaker set at 44 C, and plated onto P agar. High cell inocula were used prior to growth at 44 C or in EB to overcome a lengthened lag period. In all curing experiments, cell suspensions were exposed to some oscillation during serial dilutions to break up cell clusters which might have contained a mixture of Tox+ and Tox-types. Large numbers of colonies resulting from the experiments designed to eliminate plasmids could rapidly and easily be examined for the loss of penicillinase and cadmium resistance by replica plating onto agar test plates as described above. However, since the Tox-phenotype could only be detected in the animal model, the numbers of colonies that could be tested for the loss of ET were limited to the number of mice that could be reasonably handled during a given period of time.
Phage elimination. A procedure similar to that described by Seaman et al. (18) was used to eliminate lysogenic phage, except that EB was used in place of acridine orange (AO). BB 'has proven to be more successful than AO in eliminating staphylococcal extrachromosomal elements (16) . Tox' cultures were grown for 3 h in 20 ml of P broth, centrifuged, and suspended into 20 ml of a tris(hydroxymethyl)aminomethane (Tris)-succinate-magnesium acetate (TSM) buffer (8), 6 x 10-6 M (final concentration) EB, and 3 zg of mitomycin C per ml. After 20 min of incubation with shaking at 37 C, the culture was washed with TSM buffer, resuspended into P broth containing a final concentration of 6 x 10' M EB, allowed to shake at 37 C overnight, and plated onto P agar. Colonies derived from treated and untreated cells growing on P agar were replica-plated onto new P agar plates which were incubated overnight at 37 C. The resulting colonies were irradiated for Transduction. Strains UT 0003 and UT 0006 were grown in P broth for 3 h, centrifuged, and suspended in 10 ml of TSM buffer with a final concentration of 3 Mg of mitomycin C per ml. After 30 min of incubation with shaking at 37 C, the cultures were washed, suspended into P broth, and allowed to shake at 37 C until maximal lysis occurred. The phage-cured UT 0001 derivatives also lost the ability to make ET. Since many substrains that have lost phage still retain the capacity to produce ET, it is unlikely that a temperate phage of UT 0001 or UT 0002 active on strain UT 0015 is controlling toxin production. Also, among the treated UT 0001 cells, five substrains were isolated that lost the ability to produce toxin but still harbored the phage. Lysogenic conversion to toxin production in Tox-cells could not be demonstrated when phages PDM-1, PDM-2, PEV-1, and PEV-2 were used for lysogenization after being propagated on strain UT 0015. The activity of phage-controlled toxins are enhanced after phage induction (21) , but attempts to enhance ET activity after phage induction of Tox+ strains were unsuccessful.
Elimination of ET production with EB and SDS and at 44 C. Loss of the ability of a number of Tox+ strains to make ET after growth in 0.003% SDS, in 6 x 10' M EB, or at 44 C was examined (Table 4) . Elimination of the ability to make toxin was detected after growth in the presence of both agents and at 44 C, although treatment at the elevated temperature resulted in the highest curing frequencies. Both strains UT 0001 and UT 0007 lost the capacity to synthesize ET at a frequency of 98% after growth at 44 C for 18 h (Table 4) . Elevated temperatures were ineffective in curing any of the other Tox+ strains listed in Table 1 . Detectable frequencies of curing with SDS were observed with strains UT 0001, UT 0004, and UT 0007 (Table 4 ), but not with any of the additional Tox+ strains listed in Table 1 . All Toxcured substrains were stable and all those examined maintained resistance to phage PDM-1. Among 150 of the cured Tox-substrains examined, only one, strain UT 0111, lost both resistance to penicillin and cadmium, whereas the remaining substrains remained resistant to both agents. Penicillinase assays demonstrated that, except for strain UT 0111, no difference in induced enzyme levels existed in cured substrains as opposed to their wildtype parent strains, indicating that the genes for penicillinase synthesis and ET production were not co-eliminated.
Appearance of ET-negative variants during growth of the Tox+ culture at 44 C. One culture of strain UT 0007 was grown for 24 h at 44 C, and a second culture for 24 h at 37 C. At various times, samples were plated and the resulting colonies tested for loss of ET. Although there was no lag during growth at 44 C, the concentration of viable cells per milliliter was consistently higher during growth at 37 C than at 44 C (Fig. 1) . ET-negative variants were detectable neither in culture at 0 h nor at any time interval during growth at 37 C. Alternatively, Tox-cells were initially detected after 3 h of growth at 44 C, and within 1 h the number of negatives increased 25-fold, whereas the total population increased only twofold (Fig. 1) . At 4 h, 3.9 x 10' out of 7.2 x 107 viable cells per ml, or 54% of the total population, lost the ability to make ET. The percentage of elimination continued to increase until about 8.5 h, after which the fraction of negative cells remained constant at about 88 to 98% of the total population (Fig.  2) . A possible explanation for the observed population changes is that parental Tox+ strains do not grow at 44 C and are overgrown by spontaneously produced Tox-types. However, when strain UT 0007, a Tox-heat-cured (16) .
These procedures are valid only if it can be shown that plasmid-negative variants are produced and not selected during treatment of the positive culture. Growth at high temperatures was more effective than growth in EB or SDS in eliminating the ability of strains to make ET. Whereas rates of elimination were as high as 98% for strains UT 0001 and UT 0007, the other Tox+ strains lost the ability to make ET at frequencies of 0 to 3.5%, meaning that elimination was strain specific. The early and rapid rate of appearance of Tox-cells during growth of the Tox+ culture in either EB or SDS, or at 44 C, and the percentage of Tox-variants appearing in the population with time indicate that the selection and growth of a small number of spontaneously produced Tox-cells could not account for the high frequencies of negative variants which appeared during the early intervals of growth during treatment. This is supported further by the observation that a cured substrain has no selective growth advantage over a similarly treated but uncured derivative when both substrains are grown again in either EB or SDS, or at 44 C. Similar data have been presented to provide evidence for the extrachromosomal nature of other staphylococcal genes (9, 14, 16, 17, 19) .
The 98% elimination frequency for the ability to synthesize ET by strains UT 0001 and UT 0007 after growth at 44 C suggests an interesting possibility about the nature of the gene for ET synthesis in these strains. If the gene for ET synthesis is localized on a plasmid, the replication rate for this plasmid is probably equivalent to the chromosomal replication rate at 37 C; but at 44 C, plasmid replication becomes defective. Therefore, during growth at the nonpermissive temperature, the gene for ET becomes rapidly diluted out of the growing population, accounting for the high frequency of elimination. The frequency and time of loss of an extrachromosomal staphylococcal gene for tetracycline resistance from a culture growing at 44 C (9) simulate the frequency and time of loss of the ability to make ET by UT 0007 cells growing at elimination of staphylococcal plasmids by EB was discussed by Rubin and Rosenblum (17) , and the mechanism for SDS was discussed by Sonstein and Baldwin (19) .
Why the cad but not the pen marker can be transduced from Tox+ to Tox-recipients is poorly understood. The results from the Arber test indicated that the cad marker is extrachromosomal and not chromosomal. The possibility exists that cad and pen are harbored by the same plasmid, but this plasmid is too large to be packaged by the transducing phage. Strains UT 0003 and UT 0006 could house fragments of penicillinase plasmids which contain the cad marker and are small enough to be packaged by the transducing phage. The transduction of the gene for ET synthesis has not been possible, largely for want of an adequate method to select Tox+ recombinants. Therefore, it has not been possible to apply the Arber test to the marker associated with ET production. However, even without these criteria, enough evidence has been presented to suggest strongly that ET synthesis in staphylococci is specified by a plasmid.
